Abstract: Ni nano-micro structures have been synthesized via a solution reduction route in the presence of ethylenediamine (EDA) under strong alkaline conditions. The phase composition, morphology, and microstructure of the resulting products are investigated by X-ray diffraction, scanning electron microscopy, and transmission electron microscopy. The presence of EDA plays an important role in the formation of Ni nano-micro structures, and microflowers or microspheres assembled from nanosized horns can be produced by changing the amount of EDA. The size of Ni nano-micro structures is dependent on the NaOH concentration, and long chains assembled from Ni nano-micro structured microspheres can be obtained by reducing the amount of NaOH solution used. The role of both EDA and NaOH in the reduction of Ni (II) to Ni, as well as in the growth of Ni nano-micro structures, has been discussed, and a possible formation mechanism of these Ni nano-micro structures has been proposed based on the experimental results.
Introduction
Amines, a class of organic compounds, which contain an amino group with a pair of lone electrons on the nitrogen atom, are widely used for mediating the growth of a variety of nanostructures, including nanocrystals, nanosheets, nanorods, and nanowires [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . As the simplest diamine after hydrazine, for example, ethylenediamine (EDA) can be used as a capping agent in the synthesis of ultrasmall CeO 2 particles [5] , PbS nanosheets [6] , Mn 3 O 4 nano-octahedrons [7] , and CdS multipods [8] , as a coordination template in the synthesis of CdX (X = S, Se, Te) nanorods [9] and ZnS nanowires [10] , and as both capping agent and complexing agent in the growth of Cu nanowires [11, 12] . In addition, EDA has also been employed in the synthesis of microsized materials [15] [16] [17] . For instance, EDA can serve as a morphological template for the growth of α-Bi 2 O 3 microrods [15] . Fe 2 O 3 microspindles have been successfully produced by an ethylenediamine ligand-controlled hydrothermal approach [16] . Although much work has been done on the EDA-mediated growth of nanostructures, there are few efforts on the use of EDA in the synthesis of nano-micro structured materials.
Nano-micro structured materials, a type of material with multi-scale structures that range from nano-to micro-length scales, have shown potential applications in many fields [18] , including superhydrophobic surfaces, optics, and electrochemistry [18] [19] [20] [21] [22] [23] [24] . For example, Yue et al. have reported that nano-micro spherical β-Ni(OH) 2 shows excellent electrochemical properties [19] . A similar result has also been observed by Zhang et al. [21] . Rajeshkhanna and Rao have found that nano-micro structured Co 3 O 4 possesses a good performance for electro-oxidation of methanol [22] . Geng et al. observed an interesting transition from superhydrophilicity to super-hydrophobicity on a surface with Ni micro-nano cones array [23] . Dudem exhibited both omnidirectional antireflection and superhydrophilicity [24] . In view of these promising applications, it is important to develop methods for the synthesis of nano-micro structures. In this work, we present a study on the EDA-mediated synthesis of Ni nano-micro structures, namely microflowers or microspheres assembled from nanosized horns, via a solution reduction route in concentrated alkaline solution. Unlike the synthesis of Ni nanostructures or nano-micro nanostructures in an alkaline solution of low concentration in the presence of polyvinyl pyrrolidone, cetyltrimethylammonium bromide, or potassium sodium tartrate [25] [26] [27] [28] , the use of EDA in high concentrated alkaline solution is inspired by our previous work on the synthesis of Cu nanowires [11] and hierarchical Cu structures [29] . The present work mainly focuses on two aspects: (i) The effect of both EDA and NaOH on the reduction of Ni(II) to Ni and the morphology of the resulting Ni products, and (ii) the growth mechanism of these Ni nano-micro structures.
Materials and Methods
All chemicals, purchased from Aladdin (Shanghai, China), were of analytical grade and used without further purification. In a typical protocol for the synthesis of Ni nano-micro structures, NaOH of a given amount was first dissolved into deionized water to obtain a concentrated NaOH solution. Then, 10 mL of Ni(NO 3 ) 2 solution (0.1 M) was dropped into this NaOH solution to form a mixture. Finally, a certain amount of EDA and 0.25 mL of reducing agent (namely 35 wt.% hydrazine solution) was added into the above mixture, and the obtained suspension was placed in an 80 • C waterbath and kept without stirring for a certain time. After reaction, the solid product was removed from the solution by centrifugalization at 5000 rpm for 5 min. The sediment obtained was washed with distilled water (repeated 3 times) and ethanol (repeated 3 times). The final product was dried in vacuum at a temperature of 40 • C for about 20 h.
The morphology of as-prepared materials was examined using a scanning electron microscope (SEM, Hitachi S-4700, Hitachi High-Technologies Corporation, Tokyo, Japan or JEOL/JSM-5600, JEOL Ltd., Tokyo, Japan) operating at 15 kV. Energy-dispersive X-ray spectroscopy (EDS) analysis was conducted in an Energy Dispersive Spectrometer (INAC Energy 200, Oxford Instruments, Oxfordshire, UK). The phase composition of the products was analyzed by X-ray diffraction (XRD), which was performed on a Thermo ARL XTRA X-ray diffractometer (Thermo Fisher Scientific, Waltham, MA, USA) or a Bruker D2 Phaser desktop diffractometer (Bruker AXS, Karlsruhe, Germany) using Cu Kα X-ray source. The microstructure investigations were performed with a Tecnai G2 F30 S-Twin transmission electron microscopy (Thermo Fisher Scientific, Waltham, MA, USA) (TEM) operating at 300 kV.
Results and Discussion

Effect of the Amount of EDA
In our early studies [11, 29] , we have found that the addition of EDA in concentrated alkaline solution not only changes the morphology of as-formed Cu products [11, 29] , but also influences the reduction of Cu(II) to Cu [11] . To determine whether similar phenomenon can be observed in the growth of Ni, we first examined the effect of the amount of EDA on the morphology and phase composition of the resulting product. Figure 1a -g presents the SEM images of the products formed in the presence of different amounts of EDA. As shown in Figure 1a ,b, the product formed in the absence of EDA exhibits a block-like morphology. When 1.5 mL of EDA is added, however, many flower-like microparticles appeared in the product (indicated by arrows in Figure 1c ) and these microflowers are obviously assembled from many nanohorns of different sizes (Figure 1d,e) . If the amount of EDA was raised to about 3.0 mL, the block-like materials disappeared and the product was totally composed of microspheres (Figure 1f) . A close examination of these microspheres revealed that, similar to the microflowers, they are also assembled from nanosized horns (Figure 1g) . The difference between the two cases lies in that the number of nanohorns in microspheres is much larger than that in microflowers. The XRD patterns of these products are illustrated in Figure 1h . In the absence of EDA, the peaks observed at 2θ of 33. 2 with a hexagonal structure (JCPDS 73-1520) and correspond to the diffractions of (100), (011), (012), (110), (111), (103), and (201) planes, respectively. Thus, the block-like materials observed in Figure 1a should be Ni(OH) 2 . The addition of 1.5 mL EDA leads to the appearance of new peaks at 2θ of 44.5 • , 51.8 • , and 76.4 • , and these peaks can be indexed to Ni with a face-centered cubic (fcc) structure (JCPDS 87-0712) and correspond, respectively, to the diffractions of (111), (200), and (220) planes. When 3 mL EDA was used in the synthesis, all the peaks observed in the XRD patterns can be indexed to Ni with an fcc structure, indicating that the microspheres observed in Figure 1f are Ni microspheres. These observations indicate that under our experimental conditions, Ni(II) is difficult to be reduced to Ni in the absence of EDA and the addition of EDA favors the reduction of Ni(II) to Ni, which is different from the observation in the reduction of Cu(II) to Cu [11] . Actually, we have tried to reduce Ni(II) to Ni in the absence of EDA by raising the reaction time to 8 h. However, XRD measurement suggests that the product is still in the form of Ni(OH) 2 (Figure 2a) , and no microflowers or microspheres can be found in the product (Figure 2b ). Figure 1a should be Ni(OH)2. The addition of 1.5 mL EDA leads to the appearance of new peaks at 2θ of 44.5°, 51.8°, and 76.4°, and these peaks can be indexed to Ni with a face-centered cubic (fcc) structure (JCPDS 87-0712) and correspond, respectively, to the diffractions of (111), (200), and (220) planes. When 3 mL EDA was used in the synthesis, all the peaks observed in the XRD patterns can be indexed to Ni with an fcc structure, indicating that the microspheres observed in Figure 1f are Ni microspheres. These observations indicate that under our experimental conditions, Ni(II) is difficult to be reduced to Ni in the absence of EDA and the addition of EDA favors the reduction of Ni(II) to Ni, which is different from the observation in the reduction of Cu(II) to Cu [11] . Actually, we have tried to reduce Ni(II) to Ni in the absence of EDA by raising the reaction time to 8 h. However, XRD measurement suggests that the product is still in the form of Ni(OH)2 (Figure 2a ), and no microflowers or microspheres can be found in the product (Figure 2b ). The XRD analysis hints that the product formed in the presence of 1.5 mL EDA is a mixture of Ni(OH)2 and Ni. Since the morphology of block-like materials in Figure 1c is similar to that of the Ni(II) precursor in Figure 1a , we speculate that the block-like materials in Figure 1c are Ni(II) precursors, and thus the microflowers should be Ni. To confirm this inference, the EDS analysis of the block-like materials and microflowers is provided in Figure 3 . Point 1 in Figure 3a belongs to the region of a block-like material and its EDS spectrum indicates the presence of a large amount of oxygen with the weight percentages of Ni, O, and C being, respectively, about 55.1%, 34.4%, and 10.5%, suggesting that block-like material is an Ni(II) precursor. Points 2 and 3 in Figure 3a belong to the regions of microflowers, and their EDS spectra reveal that these microflowers are dominantly composed of Ni, with the weight percentages of Ni, O, and C being, respectively, 95.7%, 1.5%, and 2.8% on Point 2 and 93.7%, 2.8%, and 3.5% on Point 3. These observations confirm that the microflowers formed in the presence of 1.5 mL EDA are Ni microflowers. To understand whether these microflowers will evolve into microspheres after all Ni(II) precursors are reduced to Ni, we prolonged the reaction time from 2 h to 6 h. The XRD pattern of the resulting product (Figure 4a ) clearly indicates that Ni(II) is completely converted into Ni. However, the SEM images of the product at different magnifications (Figure 4c,d ) reveal that the grown Ni microparticles still own a microflower-like morphology, rather than the microspheres as observed in the presence of 3 mL EDA. These results suggest that the morphology of the Ni nano-micro structures can be adjusted by changing the amount of EDA. The XRD analysis hints that the product formed in the presence of 1.5 mL EDA is a mixture of Ni(OH) 2 and Ni. Since the morphology of block-like materials in Figure 1c is similar to that of the Ni(II) precursor in Figure 1a , we speculate that the block-like materials in Figure 1c are Ni(II) precursors, and thus the microflowers should be Ni. To confirm this inference, the EDS analysis of the block-like materials and microflowers is provided in Figure 3 . Point 1 in Figure 3a belongs to the region of a block-like material and its EDS spectrum indicates the presence of a large amount of oxygen with the weight percentages of Ni, O, and C being, respectively, about 55.1%, 34.4%, and 10.5%, suggesting that block-like material is an Ni(II) precursor. Points 2 and 3 in Figure 3a belong to the regions of microflowers, and their EDS spectra reveal that these microflowers are dominantly composed of Ni, with the weight percentages of Ni, O, and C being, respectively, 95.7%, 1.5%, and 2.8% on Point 2 and 93.7%, 2.8%, and 3.5% on Point 3. These observations confirm that the microflowers formed in the presence of 1.5 mL EDA are Ni microflowers. To understand whether these microflowers will evolve into microspheres after all Ni(II) precursors are reduced to Ni, we prolonged the reaction time from 2 h to 6 h. The XRD pattern of the resulting product ( Figure 4a ) clearly indicates that Ni(II) is completely converted into Ni. However, the SEM images of the product at different magnifications (Figure 4c,d ) reveal that the grown Ni microparticles still own a microflower-like morphology, rather than the microspheres as observed in the presence of 3 mL EDA. These results suggest that the morphology of the Ni nano-micro structures can be adjusted by changing the amount of EDA. The XRD analysis hints that the product formed in the presence of 1.5 mL EDA is a mixture of Ni(OH)2 and Ni. Since the morphology of block-like materials in Figure 1c is similar to that of the Ni(II) precursor in Figure 1a , we speculate that the block-like materials in Figure 1c are Ni(II) precursors, and thus the microflowers should be Ni. To confirm this inference, the EDS analysis of the block-like materials and microflowers is provided in Figure 3 . Point 1 in Figure 3a belongs to the region of a block-like material and its EDS spectrum indicates the presence of a large amount of oxygen with the weight percentages of Ni, O, and C being, respectively, about 55.1%, 34.4%, and 10.5%, suggesting that block-like material is an Ni(II) precursor. Points 2 and 3 in Figure 3a belong to the regions of microflowers, and their EDS spectra reveal that these microflowers are dominantly composed of Ni, with the weight percentages of Ni, O, and C being, respectively, 95.7%, 1.5%, and 2.8% on Point 2 and 93.7%, 2.8%, and 3.5% on Point 3. These observations confirm that the microflowers formed in the presence of 1.5 mL EDA are Ni microflowers. To understand whether these microflowers will evolve into microspheres after all Ni(II) precursors are reduced to Ni, we prolonged the reaction time from 2 h to 6 h. The XRD pattern of the resulting product ( Figure 4a ) clearly indicates that Ni(II) is completely converted into Ni. However, the SEM images of the product at different magnifications (Figure 4c ,d) reveal that the grown Ni microparticles still own a microflower-like morphology, rather than the microspheres as observed in the presence of 3 mL EDA. These results suggest that the morphology of the Ni nano-micro structures can be adjusted by changing the amount of EDA. To unveil the microstructures of as-formed Ni nano-micro structures, TEM investigation of the microflowers or microspheres is depicted in Figure 5 . It is obvious that the nanosized horns in both microflowers and microspheres possess a solid structure, rather than a hollow one (Figure 5a-c) . However, a microsphere contains much more nanohorns than a microflower, which is consistent with the observation by SEM. A close examination of a nanohorn (see the framed region in Figure 5c ) clearly indicates the existence of ridges in the nanohorn (pointed by arrow in Figure 5e ), suggesting that the nanohorn is not a circular nanocone. The high resolution TEM image of the tip of this nanohorn is shown in Figure 5f . The reduced fast Fourier transform (FFT) image of the framed region (inset of Figure 5f ) suggests that the nanohorn grows along the <1-10> direction, which is similar to the growth feature of Cu nanowires [11] or Cu nanocusps [29] under similar experimental conditions. In the growth of Cu nanowires [11] or Cu nanocusps [29] , one of the roles of diamine is to induce an orientated growth, namely acting as capping agent. Kim et al. have found that the capping effect of EDA in the growth of Cu nanowires stems from selective surface reactivity increased by surface oxide removal, namely EDA can inhibit the formation of Cu oxide on the Cu(111) surface, and thus increase the rate of atomic addition to (111) facets at the end of a growing nanowire relative to (100) facets on the sides of a nanowire [30] . Therefore, it is expected that EDA plays a similar role in the growth of Ni nanohorns. To unveil the microstructures of as-formed Ni nano-micro structures, TEM investigation of the microflowers or microspheres is depicted in Figure 5 . It is obvious that the nanosized horns in both microflowers and microspheres possess a solid structure, rather than a hollow one (Figure 5a-c) . However, a microsphere contains much more nanohorns than a microflower, which is consistent with the observation by SEM. A close examination of a nanohorn (see the framed region in Figure 5c ) clearly indicates the existence of ridges in the nanohorn (pointed by arrow in Figure 5e ), suggesting that the nanohorn is not a circular nanocone. The high resolution TEM image of the tip of this nanohorn is shown in Figure 5f . The reduced fast Fourier transform (FFT) image of the framed region (inset of Figure 5f ) suggests that the nanohorn grows along the <1-10> direction, which is similar to the growth feature of Cu nanowires [11] or Cu nanocusps [29] under similar experimental conditions. In the growth of Cu nanowires [11] or Cu nanocusps [29] , one of the roles of diamine is to induce an orientated growth, namely acting as capping agent. Kim et al. have found that the capping effect of EDA in the growth of Cu nanowires stems from selective surface reactivity increased by surface oxide removal, namely EDA can inhibit the formation of Cu oxide on the Cu(111) surface, and thus increase the rate of atomic addition to (111) facets at the end of a growing nanowire relative to (100) facets on the sides of a nanowire [30] . Therefore, it is expected that EDA plays a similar role in the growth of Ni nanohorns.
Our above experimental results indicate that under the experimental conditions employed, the addition of EDA not only results in the formation of Ni nano-micro structures, but also favors the reduction of Ni(II) to Ni. The reduction of Ni(II) to Ni can be simply expressed as Equation (1):
The Nernst equation of this half reaction is: Figure 5f is the corresponding reduced fast Fourier transform image of the framed region.
The Nernst equation of this half reaction is:
Equation (2) hints that the electrode potential will decrease when the concentration of free Ni 2+ ions in the solution declines. Since the stability constant of [Ni(EDA)3] 2+ complex ions is higher than that of Ni(OH)2, the addition of EDA will lead to the formation of complex between Ni(II) and EDA, which is clearly supported by the fact that the color of the mixture of NaOH and Ni(NO3)2 solutions changed from light green to purple after EDA is added. Obviously, the formation of complex between Ni(II) and EDA will reduce the concentration of free Ni 2+ ions and thus lower the electrode potential. From the thermodynamic point of view, it seems that the addition of EDA is not in favor of the reduction of Ni(II) to Ni, just like the case of the reduction of Cu(II) to Cu [11] . However, under highly alkaline conditions, Ni(II) is dominantly in the form of solid phase Ni(OH)2, rather than free Ni 2+ ions. Figure 5f is the corresponding reduced fast Fourier transform image of the framed region. Equation (2) hints that the electrode potential will decrease when the concentration of free Ni 2+ ions in the solution declines. Since the stability constant of [Ni(EDA) 3 ] 2+ complex ions is higher than that of Ni(OH) 2 , the addition of EDA will lead to the formation of complex between Ni(II) and EDA, which is clearly supported by the fact that the color of the mixture of NaOH and Ni(NO 3 ) 2 solutions changed from light green to purple after EDA is added. Obviously, the formation of complex between Ni(II) and EDA will reduce the concentration of free Ni 2+ ions and thus lower the electrode potential. From the thermodynamic point of view, it seems that the addition of EDA is not in favor of the reduction of Ni(II) to Ni, just like the case of the reduction of Cu(II) to Cu [11] . However, under highly alkaline conditions, Ni(II) is dominantly in the form of solid phase Ni(OH) 2 . The result suggests that, while the formation of Ni nano-micro structures of high surface area in the presence of EDA is obviously a result of kinetic reaction control, the addition of EDA also facilitates the reduction of Ni(II) thermodynamically via the formation of Ni(II)-EDA complex, which is supported by the experimental observation that in the absence of EDA, no metallic nickel forms even after extended reaction (Figure 2 ). The formation of Ni(II)-EDA complex makes EDA serve as a nickel transporter in the reduction of Ni(II) to Ni. In the early stages of the reaction, inert Ni(OH) 2 dominates, but due to the presence of some Ni(II) dissolved by EDA, metallic Ni forms via hydrazine reduction. The reduction of the Ni(II)-EDA complex releases EDA, which then can again dissolve Ni(OH) 2 until all of it is transformed to Ni. A similar strategy of solubilizing Ni(II) in alkaline hydrazine solutions has also been employed by Zhao et al. to produce thorny Ni coatings, in which an aminopolycarboxylic acid was used as the complexing agent [31] .
Effects of the NaOH Concentration and the Amount of NaOH Solution
To understand the growth of Ni nano-micro structures in the presence of EDA under strong alkaline conditions, the effect of the NaOH concentration on the reduction of Ni(II) to Ni, as well as on the morphology of the resulting Ni nano-micro structures, has been investigated. We find that the reduction of Ni(II) to Ni is also heavily dependent on the concentration of NaOH when the amount of EDA is kept unchanged (Note: We can roughly determine whether or not the reaction is completed based on the color change of both the liquid phase and the formed solid phase). If the amount of EDA is fixed to be 3 mL, for example, the time needed for the complete reduction of Ni(II) to Ni is less than 2 h in the presence of 15 M NaOH (200 mL). However, when 10 M NaOH is used, we need about 3.5 h to complete this reduction. If we further reduce the concentration of NaOH to 5 M, around 5 h is required. These results imply that the reduction of Ni(II) to Ni benefits from the rise in the concentration of NaOH. As a reducing agent, hydrazine can be oxidized to N 2 and the half reaction is expressed as Equation (3):
Thus, the result that Ni(II) is more easily reduced to Ni in an NaOH solution of higher concentration when the amount of EDA is fixed can be understood based on the fact that the rise in the concentration of NaOH will reduce the electrode potential and thus enhances the reducing ability of hydrazine. Figure 6 presents the SEM images of the products formed in the presence of 3 mL of EDA in 200 mL NaOH solutions of different concentrations. To complete this reduction, the reaction duration varies from case to case. As shown in the insets of Figure 6a ,c,e, all the diffraction peaks appearing in the XRD patterns of the products formed in NaOH solutions of different concentrations can be indexed to fcc structured Ni (JCPDS 87-0712), hinting that Ni(II) is completely converted into Ni. It is clear from these SEM images that the products grown in different concentrations of NaOH have a similar morphology, namely microspheres assembled from nanohorns. However, the size of these Ni microspheres increases as the concentration of NaOH decreases, especially when 5 M NaOH is used. For example, the diameter of the nano-micro structured Ni microshperes formed in 15 M or 10 M is generally lower than 10 µm (Figure 6a-d) , but many microspheres with a diameter larger than 10 µm can be observed in the product grown in 5 M NaOH (Figure 6e,f) . Two factors, namely the reduction rate of Ni(II) to Ni and the reaction time, are believed to be responsible for the result observed. A low reduction rate of Ni(II) to Ni observed in NaOH of low concentration favors the formation of fewer nuclei via homogeneous nucleation in the early growth stage. Fewer nuclei, along with a longer reaction time, allow these nuclei to grow to a bigger size at the expense of remaining Ni(II) in the reacting mixture. Besides the effect of NaOH concentration, we have also investigated the influence of the amount of NaOH solution on the morphology of the Ni nano-micro structures. Figure 7 presents the SEM images of the products formed in the presence of 3 mL of EDA in a 15 M NaOH solution of different amounts. Interestingly, unlike the isolated nano-micro structured microspheres and their irregular aggregations observed in the case where 200 mL of 15 M NaOH solution was used (see Figure 1e) , many chain-like aggregations can be found in the products when the amount of NaOH solution is reduced (Figure 7a,c,e) . The high magnification SEM images (Figure 7b,d,f) indicate that these chains are composed of nano-micro structured microspheres, which is supported by the TEM image of a chain resulting from the self-assembly of the microspheres of different sizes (Figure 8 ). The formation of the microsphere chains is probably associated with the fact that a reduction in the amount of NaOH solution means less room for the growth of these nano-micro structured microspheres. That means there are more chances for these microspheres to connect each other during their growth, and chainlike aggregations form as a result of a reduction in the surface energy of the system. Another important factor that may promote the formation of these chain-like aggregations is the magnetism of Ni. It has been reported that the ferromagnetic nanoparticle chains, e.g., Fe3O4 [32] or Co chains [33] , can be formed via dipolar assembly. Although the size of Ni particles in our case is at the Besides the effect of NaOH concentration, we have also investigated the influence of the amount of NaOH solution on the morphology of the Ni nano-micro structures. Figure 7 presents the SEM images of the products formed in the presence of 3 mL of EDA in a 15 M NaOH solution of different amounts. Interestingly, unlike the isolated nano-micro structured microspheres and their irregular aggregations observed in the case where 200 mL of 15 M NaOH solution was used (see Figure 1e) , many chain-like aggregations can be found in the products when the amount of NaOH solution is reduced (Figure 7a,c,e) . The high magnification SEM images (Figure 7b,d,f) indicate that these chains are composed of nano-micro structured microspheres, which is supported by the TEM image of a chain resulting from the self-assembly of the microspheres of different sizes (Figure 8 ). The formation of the microsphere chains is probably associated with the fact that a reduction in the amount of NaOH solution means less room for the growth of these nano-micro structured microspheres. That means there are more chances for these microspheres to connect each other during their growth, and chain-like aggregations form as a result of a reduction in the surface energy of the system. Another important factor that may promote the formation of these chain-like aggregations is the magnetism of Ni. It has been reported that the ferromagnetic nanoparticle chains, e.g., Fe 3 O 4 [32] or Co chains [33] , can be formed via dipolar assembly. Although the size of Ni particles in our case is at the micrometer scale, the similarity between the dipolar structures of the ferromagnetic nanoparticles and the Ni chains observed in our experiment hints that dipolar magnetic assembly should contribute to the growth of Ni microsphere chains.
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Growth Mechanism of Ni Nano-Micro Structures
To get an insight into the formation mechanism of these Ni nano-micro structures, we have examined the products formed at an early stage in 200 mL of 15 M NaOH solution containing 3 mL of EDA. The products obtained after reaction for 45 min, 50 min, and 60 min are light green, grey, and dark grey, respectively. The XRD patterns of these three samples (Figure 9a ) reveal that two phases, namely Ni(OH) 2 and Ni, are present, with the 45 min sample being mainly composed of Ni(OH) 2 , and the 60 min sample being dominantly in the form of Ni. The morphology of these products is presented in Figure 9b -d. As indicated by arrows in Figure 9b , very few sphere-like particles can be found in the 45 min product. However, many microspheres appear after the reaction for 50 min (see arrows in Figure 9c ). When the reaction time reaches 60 min, the product contains a large number of microspheres, whose sizes are obviously larger than those of the microspheres in Figure 9c . Although these observations indicate the growth of Ni microspheres during the reduction of Ni(II), the detail growth mechanism of these nano-micro structured microspheres is still unclear. To get an insight into the formation mechanism of these Ni nano-micro structures, we have examined the products formed at an early stage in 200 mL of 15 M NaOH solution containing 3 mL of EDA. The products obtained after reaction for 45 min, 50 min, and 60 min are light green, grey, and dark grey, respectively. The XRD patterns of these three samples (Figure 9a ) reveal that two phases, namely Ni(OH)2 and Ni, are present, with the 45 min sample being mainly composed of Ni(OH)2, and the 60 min sample being dominantly in the form of Ni. The morphology of these products is presented in Figure 9b -d. As indicated by arrows in Figure 9b , very few sphere-like particles can be found in the 45 min product. However, many microspheres appear after the reaction for 50 min (see arrows in Figure 9c ). When the reaction time reaches 60 min, the product contains a large number of microspheres, whose sizes are obviously larger than those of the microspheres in Figure 9c . Although these observations indicate the growth of Ni microspheres during the reduction of Ni(II), the detail growth mechanism of these nano-micro structured microspheres is still unclear. To disclose the growth process of Ni nano-micro structured microspheres, we have also investigated these products by TEM. Figure 10 presents the TEM images of the nanohorn-containing spheres of different sizes found in the products grown in a 200 mL NaOH solution (15 M) containing 3 mL of EDA. From these TEM images, we can roughly observe a growing picture of Ni microspheres in the presence of EDA under strong alkaline conditions, namely from small-sized particles with sparse nanohorns to micro-sized spheres with dense nanohorns. To unveil why more and more nanohorns form during the growth of Ni microspheres, we conducted a close examination of the nanohorn-containing spheres of different sizes by SEM. As indicated by arrows in Figure 11 , the nanohorn-containing spheres, whether their sizes are big or small, contain many very small particles lying between nanohorns or on the surface of nanohorns. The finding hints that during the growth of microspheres, heterogenous nucleation, which will produce new nuclei on the surface of the growing spheres, also occurs. These new nuclei may also evolve into nanohorns as a result of orientated growth along the <1-10> direction, which not only will produce more nanohorns in the microspheres, but may also contribute to the diversity in the size of the nanohorns. As already mentioned above, a microflower contains much fewer nanohorns than a microsphere. This implies that during the growth of microflowers the heterogenous nucleation, which may produce new nuclei and thus favors the formation of new nanohorns, seldom happens. More specifically, these To disclose the growth process of Ni nano-micro structured microspheres, we have also investigated these products by TEM. Figure 10 presents the TEM images of the nanohorn-containing spheres of different sizes found in the products grown in a 200 mL NaOH solution (15 M) containing 3 mL of EDA. From these TEM images, we can roughly observe a growing picture of Ni microspheres in the presence of EDA under strong alkaline conditions, namely from small-sized particles with sparse nanohorns to micro-sized spheres with dense nanohorns. To unveil why more and more nanohorns form during the growth of Ni microspheres, we conducted a close examination of the nanohorn-containing spheres of different sizes by SEM. As indicated by arrows in Figure 11 , the nanohorn-containing spheres, whether their sizes are big or small, contain many very small particles lying between nanohorns or on the surface of nanohorns. The finding hints that during the growth of microspheres, heterogenous nucleation, which will produce new nuclei on the surface of the growing spheres, also occurs. These new nuclei may also evolve into nanohorns as a result of orientated growth along the <1-10> direction, which not only will produce more nanohorns in the microspheres, but may also contribute to the diversity in the size of the nanohorns. As already mentioned above, a microflower contains much fewer nanohorns than a microsphere. This implies that during the growth of microflowers the heterogenous nucleation, which may produce new nuclei and thus favors the formation of new nanohorns, seldom happens. More specifically, these observations remind us that orientated growth dominates during the growth of microflowers, but both orientated growth and heterogenous nucleation coexist in the growth of nano-micro structured microspheres. The reason for this might be related to the fact that the amount of EDA used in the growth of microspheres is two times higher than that in the growth of microflowers. It is expected that in the growth of microspheres, the excessive EDA may affect the orientated growth and thus facilitates the heterogenous nucleation.
Ni, leading to the formation of Ni nanocrystals (Figure 12a) . To reduce the surface energy of the system, the as-formed Ni nanocrystals may aggregate into large-sized particles (Figure 12b ). In the presence of 3 mL of EDA, the selective adsorption of EDA on the surface of Ni nanocrystals may result in an orientated growth along the <1-10> direction and thus small-sized nanohorns will form (Figure 12c) . Meanwhile, heterogenous nucleation, which may produce new nuclei (indicated by blue arrows) on the surface of the growing particle, also occurs. With the reaction proceeding, the sizes of the nanohorns increases and these new nuclei also evolve into new nanohorns (Figure 12d ). The continuous orientated growth and heterogenous nucleation will finally create nano-micro structured microspheres (Figure 12e ). Under suitable conditions, these Ni microspheres can form chain-like structures via dipolar magnetic assembly (Figure 12f ). However, if the orientated growth dominates after the formation of Ni nanocrystal aggregation, e.g. in the case of 1.5 mL of EDA where very fewer new nuclei form via heterogenous nucleation, the morphology of the resulting Ni nano-micro structures will be different from that of nano-micro structured microspheres. As shown in Figure  12g -i, due to the lack of new nuclei for growing new nanohorns, the orientated growth will result in the formation of microflowers. Based on the results described above, a formation mechanism of Ni nano-micro structures under our experimental condition is proposed as follows (see Figure 12) . Firstly, part of Ni(II) is reduced to Ni, leading to the formation of Ni nanocrystals (Figure 12a ). To reduce the surface energy of the system, the as-formed Ni nanocrystals may aggregate into large-sized particles (Figure 12b ). In the presence of 3 mL of EDA, the selective adsorption of EDA on the surface of Ni nanocrystals may result in an orientated growth along the <1-10> direction and thus small-sized nanohorns will form (Figure 12c) . Meanwhile, heterogenous nucleation, which may produce new nuclei (indicated by blue arrows) on the surface of the growing particle, also occurs. With the reaction proceeding, the sizes of the nanohorns increases and these new nuclei also evolve into new nanohorns (Figure 12d ). The continuous orientated growth and heterogenous nucleation will finally create nano-micro structured microspheres (Figure 12e ). Under suitable conditions, these Ni microspheres can form chain-like structures via dipolar magnetic assembly (Figure 12f ). However, if the orientated growth dominates after the formation of Ni nanocrystal aggregation, e.g. in the case of 1.5 mL of EDA where very fewer new nuclei form via heterogenous nucleation, the morphology of the resulting Ni nano-micro structures will be different from that of nano-micro structured microspheres. As shown in Figure 12g -i, due to the lack of new nuclei for growing new nanohorns, the orientated growth will result in the formation of microflowers. 
Conclusions
In summary, we have presented a study on the EDA-mediated growth of Ni nano-micro structures under strong alkaline conditions. Both EDA and NaOH play an important role in the reduction of Ni (II) to Ni, and Ni microflowers or microspheres assembled from nanosized horns can be grown in the presence of EDA of different amounts. The size of the nano-micro structured Ni microspheres depends on the NaOH concentration, and long microsphere chains form when the 
In summary, we have presented a study on the EDA-mediated growth of Ni nano-micro structures under strong alkaline conditions. Both EDA and NaOH play an important role in the reduction of Ni (II) to Ni, and Ni microflowers or microspheres assembled from nanosized horns can be grown in the presence of EDA of different amounts. The size of the nano-micro structured Ni microspheres depends on the NaOH concentration, and long microsphere chains form when the amount of NaOH solution is reduced. The nano-micro structured microflowers should be a result of the orientated growth induced by EDA, whereas the nano-micro structured microspheres are believed to be a combined result of both orientated growth and heterogenous nucleation. 
